1. Introduction About 1.3 million tons of physically and chemically stable polychlorinated biphenyls (PCBs) have been produced and used worldwide for a variety of purposes (Breivik et al., 2002) . They are primarily used as insulating oil for transformers and capacitors, but have also been used for carbonless paper and plasticizers in open systems. PCBs have been improperly disposed of and released into the environment as waste. Even though production of PCBs ended in the 1970s and their use is being abolished in countries in accordance with the Stockholm convention (Stockholm Convention, 2001) , they are still found in the environment. In living organisms, PCBs tend to accumulate in species at the top of the food chain, especially in the ocean, and marine mammals such as whales and dolphins have highly concentrated PCBs. Therefore, monitoring and environmental dynamics research has been conducted around the world (Bachman et al., 2014; Corsolini et al., 1995; Dorneles et al., 2015; Fair et al., 2010; García-Álvarez et al., 2014; Hoguet et al., 2013; Kajiwara et al., 2006; Moon et al., 2010; Mössner and Ballschmiter, 1997; Norstrom and Muir, 1994; Ross et al., 2000; Tanabe et al., 1983; Yordy et al., 2010) .
Analysis of whale tissue for PCBs, however, is problematic because the oil must be removed. Alkalinolysis with potassium hydroxide, treatment with sulfate or a florisil column, and gel permeation chromatography are commonly used. Supelclean™ sulfoxide and Discovery ® Ag-ION solid phase extraction cartridges (sulfoxide SPE and Ag-ION SPE) can remove oil (Numata et al., 2008) . These columns are primarily used to analyze PCBs in mineral oil and have been used to analyze PCBs in sea sediments and chemical products (Anezaki, 2011; Anezaki and Nakano, 2015) .
In this study, we tested this method as part of the analysis of blubber and liver samples from Hubbs' beaked whale (Mesoplodon carlhubbsi, family Ziphidae, parvorder Odontoceti) for congener-specific analysis of PCBs. This species is distributed in the North Pacific. With only 65 stranding records available (Bachara, pers. comm., 2016) , its biology is poorly understood, and contaminant data are lacking (Mead et al., 1982; Taylor et al., 2008) . The aim of this study was to measure the level of each PCB congener in this little-studied species for comparison with other whale species and a Kanechlor mixture as a reference standard.
Experimental

Samples and reagents
Samples were collected from a stranded Hubbs' beaked whale (Stranding Network Hokkaido identification SNH15011; body length 493 cm (Fig. S1 ), found on 14 April 2015 at Samani, Hokkaido, Japan (42.12N, 142.95E, Fig. S2) ; it died within 4 h of discovery. The corpse was dissected in situ on 15 April 2015 and was identified as a mature male
following Mead et al. (1982) . Blubber and liver samples were collected in plastic bags, frozen, transported to the laboratory, and stored at -30°C until analysis. The details of PCB standards and other reagents are provided elsewhere (Anezaki and Nakano, 2014; Anezaki and Nakano, 2015) .
Sample preparation and chemical analysis
Prior to analysis, the liver sample was homogenized using a GRINDOMIX (GM200, Retsch, Germany), and the blubber sample was mashed manually. Approximately 1-3 g of the sample was thoroughly with sodium sulfate and 4 extracted for 6 h with a Soxhlet extractor (B-811, hot extraction mode, BÜCHI, Switzerland) with acetone and hexane
(1:1). The extracted liquid was separated, and a surrogate was added. An aliquot was dissolved in hexane and treated several times with concentrated sulfuric acid, placed into a multilayered silica gel column (sulfuric acid and potassium hydroxide silica gel), and eluted with hexane. The eluate was placed in a silver nitrate silica gel column to remove the sulfur and eluted with 5% dichloromethane/hexane. The eluate was added to a sulfoxide SPE cartridge, and the impurities were removed using 9 mL of hexane. An Ag-ION SPE cartridge was then attached to the bottom of the sulfoxide SPE cartridge, and the sample was eluted with 50 mL of 5% dichloromethane/hexane. This eluate was subsequently concentrated and syringe spikes were added to make a 50 µL nonane solution. Congener-specific analysis for PCBs was conducted for all samples. PCBs were quantified using a high-resolution gas chromatograph (HP6890, Agilent Technologies, USA) in combination with a high-resolution mass spectrometer (JMS700D, JEOL, Japan). The samples were analyzed with an HT8-PCB capillary column (60 m, 0.25 mm inner diameter, Kanto Kagaku, Japan). The target PCBs were monitored in selected ion monitoring mode for each homologue group.
Lipid content analysis
Approximately 5 g of the sample was placed in a Teflon TM vessel with 20 mL of chloroform and 40 mL of methanol and were homogenized with a POLYTRON ® homogenizer (PT3100, KINEMATICA AG, Switzerland). Another 20 mL of chloroform was added and the contents were homogenized again. After filtration, the residue was returned to the vessel with 80 mL of chloroform and methanol (1:1), and the contents were homogenized and filtered. The filtrate was placed in a separating funnel with 60 mL of pure water and lightly shaken. After settling for a few hours, the chloroform phase was dehydrated with sodium sulfate and concentrated. A constant mass was obtained with phosphorus (V) oxide desiccant in a desiccator, and the lipid content was calculated from the weight difference.
Quality control and quality assurance
Detection limits depended on congener and sample size, and each congener varied from 40 to 90 pg/g wet weight (blubber) and 10 to 20 pg/g wet weight (liver). Peak concentrations were determined by isotope dilution quantification using surrogates. The surrogate recovery rates of PCBs were within the range of 50-120%. Laboratory blanks were also checked regularly, and values were found to be extremely low. Ag-ION SPE cartridge showed reduced lock mass fluctuation and decline (Fig. 2) . Presumably, the sulfoxide and Ag-ION SPE cartridges effectively removed a blubber-specific oil that interferes with the identification and quantification of the target substances and also causes the measuring apparatus to deteriorate, thereby improving the analysis quality of target substances. Table 1 shows the concentrations of primary congeners and homologues in the blubber and liver of the Hubbs' beaked whale. Table S1 shows the concentrations of all congeners and homologues and the composition of a KC-mix. The total PCB concentrations of the blubber and liver were 13,000 and 7,300 ng/g lipid, respectively. The blubber to liver ratio (B/L) was 1.8. Among homologues, hexachlorinated biphenyls had the highest concentrations in both the blubber and liver (6,100 and 3,200 ng/g lipid, respectively), followed by pentachlorinated, heptachlorinated, and tetrachlorinated biphenyls. Monochlorinated and dichlorinated biphenyls were scarcely represented. This type of homologue composition is found in other whales (Corsolini et al., 1995; Fair et al., 2010; Storelli et al., 2012; Wafo et al., 2012) .
Concentrations and patterns
Seven indicator PCBs 52, 101, 118, 138, 153, and 180) accounted for 41 and 42% of total PCBs in the blubber and liver, respectively. The B/L of tri-to nonachlorinated biphenyls was 1.3-2.0; the ratio of decachlorinated biphenyl (PCB-209) was 0.69 (Table 1) , indicating a higher concentration in the liver. Among indicator PCBs, a hexachlorinated biphenyl, PCB-153, had the highest concentration of all congeners, with 1,900 and 990 ng/g lipid in the blubber and the liver, respectively. PCB-118 and 138 had the next highest concentrations. This type of congener composition is shared by other whales (Moon et al., 2010; Yordy et al., 2010; García-Álvarez et al., 2014) . Although the B/L of indicator PCBs were 1.0-2.3 (mean 1.8), those of dioxin-like PCBs (DL-PCBs) were 1.0-1.9 (mean 1.0). The blubber to liver ratio of PCB-126 (highest toxic equivalency factor (TEQ), 0.1) was 0.062. DL-PCBs accumulated more in the liver than in the blubber, with 740 and 74 pg-TEQ/g lipid, respectively. PCB concentrations in the blubber of male odontocetes around the world are shown in Table 2 . These vary with species, but East Asian odontocetes had 15,000-30,000 ng/g lipid (Kajiwara et al., 2006; Moon et al., 2010) , while odontocetes from the Hawaiian Islands had 7,690-50,200 ng/g lipid (median: 17,050 ng/g lipid) (Bachman et al., 2014) . Our results match these studies, indicating that the PCB concentrations in the blubber of whales in the northern Pacific Ocean are consistent. The PCB concentration in the blubber of odontocetes in Alaska and polar regions has been reported as 5.8-9,070.0 ng/g lipid (Dorneles et al., 2015; Hoguet et al., 2013; Norstrom and Muir, 1994) , while in the Mediterranean Sea off Italy, it was 250-2,100 ng/g lipid (Corsolini et al., 1995) . The value obtained in this study is larger than the values in those regions, but smaller than the values in Florida and South Carolina in North America (28,600-255,000 ng/g lipid (Fair et al., 2010; Yordy et al., 2010) ), British Columbia (37,400-251,200 ng/g lipid (mean value) (Ross et al. , 2000)), and the Canary Islands (13,199-141,796 ng/g lipid (García-Álvarez et al., 2014) ).
Comparison with Kanechlor
The congeners with a high concentration level/ratio in the blubber and liver (PCB-93/95/98, 99, 139/149, and indicator PCBs) accounted for a few percent of all the PCBs in the KC-mix (Table S1 ), indicating that the most abundant PCBs found in the whale were derived from technical products. PCB-70 and 110 were 4.0% and 3.4% in the KC-mix, respectively, but had low concentrations in the blubber and liver. Abundance relative to the reference was calculated by setting the tri-to octachlorinated biphenyl homologue concentrations in the blubber, liver, and the KC-mix to 100 and comparing the ratio of each congener (Fig. 3) . The more abundant congeners in the KC-mix were also present in the blubber and liver. However, the ratios of PCB-28 (2,4,4'), 52 (2,2,5',5'), 74 (2,4,4',5), 99 (2,2',4,4',5), and 118 et al., 1980 et al., , Grimm et al., 2015 . Hirai et al. (2005) reported that PCB-28, 74, 99, 118, and others remain in human blood; these congeners accumulated in the whale. Although PCB-52 has an easily metabolized chlorine-substituted structure, it accumulated in the whale, so further investigation is warranted.
In recent years, PCB-11 and 209 have received attention because they are used in pigments, and they are scarcely present in technical products such as Kanechlor and Aroclor (Anezaki and Nakano, 2014; Hu and Hornbuckle, 2010) .
PCB-11 was not identified in the whale tissue samples. Other dichlorinated biphenyls were scarcely detected and were presumably metabolized. The amount of PCB-209 in the blubber and liver was 6.9 and 10 ng/g lipid, respectively.
However, the source of this congener could not be determined. 
